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(54) CMOS SENSOR HAVING COMPARATOR AND ITS OFFSET VOLTAGE REMOVING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CMOS image sensor having a comparator, in which 
current consumption and chip size can be reduced, while reducing offset voltage efFiciently. 
and to provide its offset voltage removing method. 

SOLUTION: The CMOS image sensor comprises an image-capturing means 120 for capturing 
an analog signal corresponding to the image of an object, an analog/digital(A-D) conversion 
means 220 for converting analog signal into digital signal utilizing a lamp signal, and a lamp 
signal generating means 410 for outputting a lamp signal to the A-D conversion means, 
wherein the A-D conversion means comprises a chopper comparator receiving an analog 
signal and a lamp signal. Further, the sensor has an input capacitor for receiving the start 
voltage of a lamp signal, to Induce a voltage having the level of the start voltage at the time 
of reset mode, and to induce a voltage having a level corresponding to the lamp signal at 
counter mode time, in order to eliminate the offset voltage of a CMOS image sensor. 
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=3r v'^ <ir ^{i ;<L ^ r <^ <^ i-S l:t«^3^B^*i- 
6 CMO S — i/ir >'^+o 

«(7)tt^^i^^^i-6 CMO s -r — Vi^o 
^fzi!^^(Dm^(^y^>^^yyr:^'^hts:^yy^T-^^^ 

mmy>'^m^-m^^m^mi&^ti^m2.'^-( y^t. 30 
Rutsu 1 mummm(o?Kti tv^tit ^m'^-r^m 3 

y^b. 

HijtfiA =^ -Y -9 \'t . fiu^m 1 ^> -Y •f-;S.t>'ni)te^ 2 
^'^^ y^o:>m^myLhf\^. mtty y^^m^m^^'lK 40 

3 tCiI«(7)lt+S^P.^^"t-'5 CMO S ^ ;^ — v^ir > 

4 trta«coJt«^^S^^-f S CMO S W ^ ->^ir >^ 



iciem^oite^^e^^i-s cmo s >< ^ - i^-t vi^, 
[is*ia 7 1 mm. i {-scs^T^ittsiSR^w-t-^ cm 

RiitE ^ W'fH-^<?:) l5^^^'Si± ^ m'itB7v..;^j ^ :^ (-?E^ 

fE5^3 y^<\kmm\^\-rsm^^^'^^^^'^-Yy>^'^yz/ 
u 

ti^:: <^ ^m\^t-t^^\k.W^W.^^^^ cmo s ;^ — 
[m*ii8 ] Ru^^3 ';'>'-tt«{^*l, v/^^-r ^ > 

(;iiE^oMic.^^^^--r S CMO S Y ^ - v?-fe:>^i^cD:^^ 
[0 0 0 1 1 

>'^'mt^-^^T9itiic^g^*i-^CMOS^;>t— V? 
[0 0 0 2] 

[f;^;k«7)ft|ffl -iil^tc. ^ ^-^:^^r>i^<^^t:)t^cSf^•t- 
^^«fls:C)^•^^:K^f|JfflUr-Y>«-i^^M® (c a p t u 
re) i-5$^^X-^or. ^^-CP7^5g^:h./c-r;^-i>*ir 
'^^(DJhUi}^CCV} (Charge Coupled 
Device) ^*J^ b/clit^-C^o Lt^^L. j£¥ 
CMO S (Complementary Metal 
Oxide Semiconductor) t^'Wi'^^i^W. 

6t)tc^il-f-^:i<i:i-f*or, CMOS Vy^y^yy^^^M 
J: ^4^CMOS-r — C>ir>'i^fi. i^^(r>CC\-y^ — 

oT:Jof9, CCD^y — v^-ir>^f-C1^!dljooft^gIH]ffg^CJ: 
« ^ n fc T -t- D - /I- ^ iil 5 { C flS X r 
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3 

[0 0 0 3] mi{-t. x-^^^L.tPffigBg$n/^-fii^v 

ViJ^ (C o r r e I a t e d n o u b I e Sam 

pi i n g. \:XT. CY)St\^0) h^^^m-r^CM 

^ U J'cC /5** 6 riJi.?^ -rn C M O S ;^ - v'-tr > f - 
^^i^cD#fiZ:fc;''^-ir>'U';^i^-<-Y^^^°^— V (b a y e r p 
a t t e r n) JcT U-T ^ ttfc t"^ ir/UT U-T 1 0 0 

^fi£gP4 0 0 b"^ir/Wi5-^'7->^^/vmjihB^ Jvi^ 

D ^ai;^mEE ^ 7 >- ^^t ^ ^ itiic-r ^ its^^T u-r ^ 

20 0 ^. ttBc^TU-r 2 0 0 J: fr; /ll^'j^H^fR-^icJ; 

^;!i^b1t)5it$tL/c^>r ^'r 3 0 0 l-.IScoy^n 20 
:y ^ M-r ^5 .^ijpfi I/^— ^ I ^ ffi ^ ^ 7=' 

:y /t-0JP3J 5 0 0^. ■r'v^i^ ^u^JtWW 5 0 0 <7)^iJtpm^ 
t<iJ:or e^ir/ur u-Tcol^^fT (ROW) ^iltR-f^ 
it-^^'dbyj-r^ x^^ — y 6 0 0/J-^:^^a:^. 

[0 0 0 41 ::::t:\ it«?%T w-r 2 0 0 fi. t'^j^-tr/v 

n^'ncOlt$i§§{±lt$ii§^/^vfi g ^ 7a (7)T-^ n ^J'' t= 

^i5if'ffl;tfDtt/i^-r v^^^/^^r 3 0 0{;c^#«^H5o 30 
-y^t'^ru^WMK^^'^Xy'^i^^'^-yyr 3 0 0 > Lr 

UliiC-o-f oir > ^ :y t:' ta ^ n ^ c - 

i/. n— T'l^r— -5^6 0 0 {i, t'i:7ir;U7'T/>r<7>i > 
?r}|ltRLri:h:ee§5r U'-Y 2 O 0\z.\f ^ •^;i^m.^^1)\^'^^ 

J: 5J-i-^tat^^^T-)o ^ >'y{H-^^.f*?f1S4 0 0 

r•:^D^^>^:/>^t-^^'5^^Lrtl:e?t5r 2 0 0 40 

> T/fs ^7)5 /Wii ^ It t5 ^ ;Jx^ c 

[0 0 0 5] M2\±. m 1 (OCMO ;^ --v^-fe:>'i^<D 
±:f$:6^ y n c?:) rfi C:, ^ ir /kt:) ® ^M^^ 

iy ^ /v-m-^ I- L X ^ CO ^ .j;- t-[H] k h 

-C•fe^3. El3f^. CD S^-5t^|J&P^-r^fc^s^)(:0jSfl^[llT' 
fo^o i-I^T. N2^t/N3^#li?,b/c^;!i^bCMOS'r ^ 



[0 0 0 6] ^-r. Ei2^#Mi-n?i\ 

&e>:^ir/n 1 oco|±i:^fS-^^^ltt5ei'51t«S?5§2 1 0 

Jt+5^2 1 Ocotti^jJ^ J: or:*^>^ 
-C- :^ > ^ n tc 7- >^ /ufl^^^^rti- ^ ^ y ^-T 

U^ir/U3 1 0 ;^^^/^^o 

[0 0 0 7] Wu:t:'':^ir/i^ 1 1 0 (i. ^as^^?>tO 

icl^X^^Xm.JEt^^mu^tl^o'7^ h:^V:^- K3 2 

b^V^t'-H ^ 2{^F-P^P$n/c«l±^f^Bt"^^ii 

^ V^Air— K3 2icPp;JP$t^/imJE^^'— h^CA;^^ 

i^^-B^^ii-^ y^-y^y ir pT (source fol 
lower) h^^'v^r^^J'Dx c^r. y—^yir^rVy 

M^^^^^Oifcg?-^ 2 1 0 icfeSi-^-fer U V 3 > h y V 

'Jy^^'S^h. iru^iy^ >'hy:yiy'y^Sxt^M'^ 

[0 0 0 8] ^-f . :^Sfc'^-fe/n 1 ooy ir 

:y h b ^ V-v^^ ^ R X /i^i^ — >.-^>' (turn — on) 

fei^ h ^>'>?:?^^T xi}'^i^-->':ty (turn- 
off) ^tb. ir u-:^ >^ h y :yi>y^ ^ S x fi^^' — 
r^v^nr. y ir'> M/-</H::fA'^-r5m-^;i'-Jt«^§&2 
10(DaE (4-) A;^C(-A;b^^tt. ||i#M(^^>^fs 
-^;6'^W:$icSS:2 lOO)^ (-) A;^^e^{cA>^ ^H^o - 

^mm2 1 o^i, A:;^^;txrci^fl-^^^lt^^itlfe 
LT. IE ( + ) AJjm^AJj^ntiV^y b i^^M^^ 

^-r^in-^o:>mnix^o y^yin'^^mK ^j^^m-^. y^y 

^Cip^^t- ^ y^iy^/urn-v^y^y'f-ri'-f ir^v 3 

1 o{cic^-t-5o ^^v'^'ft^^rt. :y^:-):6i:r- 

[0 0 0 9] xi^^/Uri- Kf^. 351 ^R^^^V^^ft-^ 

>y-^>y^^m^{^LXl:mr^2 1 0 J: 19 tU:^fi-^;i^m;0 

rU"rir/i-3 1 o;3.t&^'t-5c:<i:tc/j:So 
[0010] ^fet'^^-fe/n 1 0 c7:i u -t? y h h 

ti. h^-Y:^— K3 2-C'^^7tcotl^^{rj;6i:rST^ 
n:t«?^^ic^mLrt^^n-fc5--^^H;5>Jtg£S2 1 

ocofK (+) xt^m^xt^^ri. m2§0co^v 

:/(H-^^>i:l:ec«S2 1 0(0^ (-) At/i^icA.tf^HTJt 
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Hi ^ T ^ p - -r i:^ ^ 1^ ^ tfe -r ^ i§ e -e 4- L t# ^ ;^ 77 

b:" ^ ir /t'CDilJ^T'- ^ / 1 1 tJ^F. (c^g ^ ^ x 
/Vflg ^ # cO{t -t^' ^ ^ o 

[0 0 1 2] pii4{^. w^mf^^m,^<nv^i%¥^x*^7^. 
ii^j-cMos#»jifi!is.^{^. ^mm-x^^^^ty-^ 

yV (offset) ^J[J:^^LX"*S^9 . C MO S-T 

Y n&if^ ^ X TT. u ^ i c^/^ ^ fit ^ ^-r 5 r <b }^ ^ /t . 

(Fixed Pattern Nciise).^L"CT£ 

[0013] UlSti. Hi (D^^ V^^^yv^r 3 0 OtO-f 

x^y ^m^mx-h^^. HIS ^^^^.-rtl(i\ t^^^cOCDS 

i:t'>6 i:. ^ttt-^J'-fe/u— oic_o(0^ ^/f^iryv^i)^.^.^ 

(Static) ma^«t>T«-r/c:4^). MMnm"^^ 



6 

< r^^^yx y I- J: f^tbi-^m-i^iligir^T-ig-ei^^i^ < . 

f£^®rFT'g3:tf-r^ii^. ^-r-^^ y U^-^:^' (Dyna 
m i c Range) ^^^h ^ I ^rzit>mm±(Dm\m^h 

10 r^k\^^ommii^^-^ti. 

[0 0 15] 

o:>X'^ ^Mic^^W'^^-f'^ CMO s ^ ^ — v^i? >'i^:^I>' 

[001 6 ] 
20 [aiM^«m-t*-5/ci^)(/DTM^] -LIE 

{d/j: J: ^ j;l:»gc3^R^W-t-^ CMO S ;^ 

BU sE r n ^{3 ^7=^ C> 1^ /t-fS # l-'^S^-r 6 T n - 

30 i:. CMO s-r — >^ir>'i^c;o?t-37-tr 5/ hmnz^^c^ < -r 
5t?s6. yir>^ KT'fc^^. ffrsa^ ^^^li' ^^'^^^d 

KX^^K/jHdfi. ^v!^^ p ^y ;:7;-f>;cTi«?i^-i- 
[0 0 17] ^fc. _LfsH0^^s^t-^/:iyjtc?:c$tL/' 
m J: ^ \tm.^n ^ w t- -6 c m o s ^ ^ - v^-t > 

6 C M O S ;^ — C/ir >'i^ ^5 ^ C7:>.:^^fe 

^y hmii^HUlB^H y/^it+;5^--^m$^6 y ir-/ f 

^-vy^y-y-ft. mz^ ^-iymmi^^t-h^ti^^- 
^^'^^ K:^7*:y:7'^<^^^trC<b^4#mi:-t-^. 
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(Correlated Double Sa 

mp 1 i n g) ^(tffl-^-f. T-^^ ^ftPSii-M^nfc:! 

r.m-^^y-^v cmosYt^— v^ir^-i^to 

[0 0 2 0] ^/t. :^B0^cottfeilBf^. A;b;^:7ir:y 

CMO S>f ^fl&>f^i-^<7)TM&V^mi±'C: t>tftfl2i:' 

^^5^3 -y/NM (Chopper type) 

[0 0 2 1 1 

S 2 Bl ^ ^ I N 1 Rrj^ 1 ^ I N 

2-r>'^--^ 1 N 2Wl^»i^^M1t^^tlti^^^^ y^S4 

^1 ^"t^^'v-^C 1 1 X7— V^l 0<7)^ ^>":/ 

(Clamp) ^2=3^-A'/N^->^C2{i||2 X7- 

— v^2 oco^ 7^>'yffi:J±^#^we'ISi-^o 
[00221 m7a. i^ymrv.^mM^^^ 

^-h^^o m^\^fz.^o\^. ^ ^ y mos 



i/a>-(Injection) ^(CjZoT. K^ScO^xt 
[0 0 2 31 ^/c. Sc^l{::^'t-J:^I'. ^v^--^^ 

[»5tl 1 Voffset=Vthy (Ai XA2) 

lHjS«{cMi-Snv?:y ^ L^V^^jUfi^. Ai SU5A2 

Hi. 2y^'?'—-J\o^ 2 0 co^lJ^#^^^5<-f o ^ 1 . 
2;7.7^^i:;^co^iJ»^::^#<t- ^iiif^mg^fm-h. ^:7ir 

^ - > Jt^ ^ « b -t- :i ^ -e # a J: 9 1- ^j: 

-So 

[0 0 2 41 1118(1. 5js:^q^co^^ LO— *Jlte^yi-J:^ 

(±\ it+;5e^2 2 0. Wut''>:7-ir/n 2 0. y>'f\^%^Ai 

):.\c^i4 1 0. ^:y^-iz:7U3 2 0 jSit/r n :^'ft-^t>lMi^^ 
-r^T^^^^^Mfi^tf^-t-^:^^^:^ 5 1 0 (CMOS-r 

TV^^o wrX\ ttftS?§52 2 Ofl^^i 5^^"^!ttt:5^'tO^ 

[0 0 2 51 13 9(1, |Kl8lC^^n/c:i:L$>c^(7)il]ft^^^ 
^y ^'mX-^^o (SI 8. (l9^#.^,L/^^U3lt6JcS2 2 

0(DW}i¥^:^y' yymctm'r<5o W^-y^'ry/X'd!? 
ir/Vi 2 Oc7)U ir hU^/l-O^EE<lf^-v>'^i^^C 3 
Rt/^L. ^2 :^7->;/V^-Ct'>^ir.;Wi 2 Oc7>^|^-x — ^^'flg 
(cn^fai-^miE^^^-^'^^v^^C 2icEr]i^L. C 2 <^ . C 
3lcKtjSb/t«ffi$r^^>':/^-^T:3S^-^'^>^'>i^C 1 {-^ 

40 zfXyyy'm^^^^A \ 0t:^^y^5l 0:/jmi'^L 
X. _:o(7)A:/^f5^V p . Vr amp it 
^^fitif^^^yy'^±^^:i 2 oic^&j^^-f N 9 
^0)yy'y'fm\^&m^'^7jk^nX:}s^ ^ 

[0 0 2 61 ^"f. ^1 :^'ry'f (reset mod 

e) ^mn-r^^. B^hyyi^.-^^T y.^'^ — yyi-y'.c 
iZyy-^y^L, V y h h y ^ R x ^ ^ — > :t 

50 V r e s e t }6vV — y p T h ^ v^:^ ^S'' D x h 
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g 

'tts:t)'h 'Vp=VreseL-VLh' 

:i t{^^J:^(nX\ $6{c.iE»?;c{i *Vp=Vreset 

- (Vth+Voffsct) ' ^/cCSo —tf. / — K 

®|£V r a m pc;9BI^^'aiEV s L a r l t'^WMtSh^^a 
tifoT. rCDS-^dll. 'Vramp=V start* 

10 0 2 7] ^ 1 ;=^^-:yy'T\ x^:y^Sl. S io 

[J^Jt 2 1 V c 3 = V r e s e t - ( V t h + V o f f 
set) — Vstart 

[0 0 2 8] ^V^-C% B2 :==^7-:y:?' (charge t 
ransfer mode) #fiLb^ ^ 1 2 0 

CO:l3K'l7^-^fifi:ifg^-t-^mJ3E:^itecg|2 2 OiCpp^Pf 

:7;e:L-C:fc^. ^2^:1 h ^ Vv^.:?'.^?/ r x ^-^- 

^t- ^ :7 n r b ^ X >5' D X iT^y- b {-rmi^-r 

fzi^. y — KN 1 (DmpFA-^ 'Vni = V p i X e 1 - 

( V t h + V o f f s e t ) ' <^ /j: 19 . 2 flucoy^ 

>r5/^S3. S 4:^5;:^^ :y^:4-^^$nr 2fl<7)-Y>'y<— 
^ I N 1 . I N 2(Dmif■,^A^t^'^'f-^MJ±^^^^''^'y^ 
C2, c s^'^a^^^n^ J: ^i-i-^o =^-^'^^v^^c 2 , 

C 3{Cd^^$H^'^EE(i. #>!r 'Vclampl' . 
' V c 1 a m p 2 ' J^jT-^o 

[0 0 2 9] .^4 y^S 1 .^y' yy^fj^h 30 

lBF-^fi^f5^^iir^;^cA^ic;7.-r -y-f-S 1 , S3. S 4 fiS 

[i:t5^3l Vc2 =Vpixel-(Vth+Voff 
set) — Vclampl 

[^iC4l Vci =Vclampl-Vclamp2 

[0 0 3 0] mi tm2y^T'y'y(Dm'^^mm'r^\u. 

Ill y>y^y:f{::^\^^x^^y<-y^c 3te:'vreset 4o 

- (V t h+Vo f f s e t) -V start* cO®)i£ 
tt7!>^1^>'>^y >^^H. ti2 X7--/:/tc:;^ji^-C=3«-'Y/'?'> 

^^02 1^ 'Vpixel - (Vth+V offset) 
-Vclampl' coSJ3E;6'^-th>'yy >^'^ix^o 

;^-^5/^>::5^!0j{1^iCj:»9JztdcZ)=3r^>^->^C3, C 

[0031] <^ki/^T\ msy^'ryz/ (count mo 
de) icm^X. y>y'ih^^fiSLi^i4iO:^i-hWJj^ti 50 
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z^x\ y^S2^j^yir:y^tixij. n^(oy^^y^ 

SI. S3. SAii^:ty^^m\^-h7^fz^. ^\^<iy^C 
1, C2. C 3^7)®J±^i'^^/^-C•^^^$n5o 
[0 0 3 2] I N1<7)A;^« 

2 i:^&:i^:3 ^f^eA-rtttJ. Tfdcolci^e ^4^60 

^>:7'>ff-^^^^4 1 oi)-h\^ti^n^^yi^y'^^v T 

a mp<7)M^O»i?5^ *V s t a r t ' Xh^tz^^ Ztl- 

[^^ 5 ] V N a = V" r a m p + c :i — V c 2 
[^5t 61Vn:j =Vramp — VstartH-Vre 
set— Vpixe l+Vc lampl 

Vk3 =Vrc s c t— Vp i xc 1+Vc 1 amp 1 

[0 0 3 3] ±Hal^^7^dJ^PJ-rtl'tl\ Vc3 tVc2 
(C#:^nLri/^/cV thirVoffset 

■C\ ^$orv^-5fe"i±, 'V r c s c t -V pixel' 

ti-f-o L-r. '^I±V c 1 a m p 1 Jl, ^i-^ 
I N KDWli^.^^Xh^tzi^. ^1-Y>'/^^— I Nicoyv 

'vc 1 amp 1* ttn^mm^i^^^^mmkti: 

[0 0 3 4]—:^. 3 X7-:y7';w^V>r^ y=?^ir 

/U3 2 0^f^ilj$i±-Sfci6tC^^y^-r^-y>'Wt-^L a 

t c h_EN;^m i g hic-tr '^5^^- V-^'^tb. ^Vy^{H 
-^^^914 1 0;fi'f:>ttl::^^n'5 v>-yia-^7i^f^r^^(c« 
<i/^-t*'&c<^;c#oT. m y^m^iy'^^^ 5 1 0(r> 

(SCt^ 8] Vramp=Vs ta r t-AV 
[0 0 3 5] ^^8 ^*jC^6 {lf-tyv-t-iX(^> 1 

Vn3 = (Vreset-Vpixel) - 
AVH-Vc 1 ampl 

^ > -/(i ^ ;c J: 9 (50 A vfii;!iS*H;^JPi-'^ ^ f::^^.^ ^ 

/iV y#r^2i>lli^-ria{i* *Vreset-V pixel' 

KDAJmJT.f)^^ 'Vclampl' tti:^tm^{Z^2 
^y^y^—^ I N 2(D7KtlW.J±tiW¥m.J±X^^ *Vc 1 
amp 2' ir/j^o-C 2ec7)^ >^<'-^75^ibf^.«;=^{c:foo C 

[0 0 3 6] rcOH.'j,'^:dnt$fe$n^Wr^-t^^^ . rcoij 
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11 

l^l^fe®!^: (g r o u n d) l:im-h^. ZCO X ^ ICV a ff< 

mmmMi^^htut. ^(Dmimi.x ^ tzij ^ ^ 5 ^ 

r^v'i^^^^mm^ ([21 1 CO 5 0 0) icfeil^iX'5*-C'« 
^T^ti^l^. ^ -T^/Ht^L a t c h_KN 

[0 0 3 7] SfJidi L/C J: -3 jr. :^^m(D]::mmmA^. tb 10 
«5c^n'5lSrBlc?:>^(-mi, m2-r>^-<-^ I Nl. IN 

2lC'm)k:^'^rM^^Xo\cfj:^cDX\ y ;/^"^^MtJi^ 

{5 ^ ^Vjri > CO r\ '^{4^m )J mm^±i^^{ziQ:m-r ^ :i i: 

r >/fg ^■?f^^T*=3p--^/Ni/>^ C 3 iCi^m^tl^tiiib. 

^liSTMi:CMOS-r v^ir>'i^{r:Jolt^lt«52SS-^^!j^ 
[0 0 3 9] 

> ^'Sb^^ ^^f o r fSM'J ^ ir /ufpT {:: ^tE-r ^ r/ h 



12 

v^^tr-^ CMO S-r i^irvi^J: ^; /J^$l^^SJ^g-t'* 
V (CDS) ^^^^m-t ^ CMO S 

[1^5] \^i<D'7-(>^<-^yr(r>-:f^^y'^miJ^\^X'ih 
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